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[If 2 1 mmmtmmm <Dmmm ^t:inr y 
Kih -r 5 a ^ ^-r 5 r ^ -r s If 5jt 1 iH« CO 
[If 5^11 3 1 mmit^\\L^mm<o^mMt^. stnsmno 

[lf3ttiS4] t«ri5^3£<l:@*SCO*fe^S36^, Mn^^cJ^ 

[If 3^31 5 1 Mn^^*-t-6i^^ettS^?i?jS;b, sfr 

[If 8 1 mt^m^mmm(o^ 1 (T^^^estts^tcM 
mm ^m^-r ^zt^^mt-rh 5 tcia^o^t^ 
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2 

[|gpJ<?:)f**[B;ieKBJ] 

[ 0 0 0 1 1 

[0 0 0 2 1 

^JF^)^Jtb:^'^^^>'^Ar^5^•ir;^p<^!;— (MRAM) 

[ 0 0 0 3 1 m^&^i^^tn. ^m^mcmm^wm 

^^^ffi-r^ ^ {cj: ;^ ^ y -^gg (MR AM) ^ Lrl/jfF 
^ii'^r.^;6^T-#^o ifi^. 2 0(7)^^^*/i(7)r^{c^,m 

^ (TMR^^) {CJ: ^) 2 ^%^J.h<Dm.'^^^m\L^t'^ 
J: 9 {C/^ofc (J. Appl. Phys. , 7 
9, 4724 (1996) )o C<7)^<^^^ o;*^^^ U 

30 (TMR*^) ^ffll/^fcMRAM;&^ffl#^ag^ 

[0 0 041 MR AMtCTMR^T-^ffl'/^S^'a*. h 

(g^g) <om\\L-^^-%:m\L^'±^^t\z.x,^ "0" ^ 

"1" co'»S^f5&-f — ;bro?ii^14S(D^>ffc;^ 

4(9 MR*^ (SV-TMRg^^) <^i¥l:fix5o 

[0 0 0 51 lil 1 (cti^^o^^ti h 

m^m 10 1. ^-fb^^s 10 2. jfe.swJN'^-^tp h V 
^>/u/<y rs 1 0 3, *5J:u^e>ft:g*ii 1 0 4d^Jiil?feS 
S^nri/N^o 1 0 4*5j:u^@«ji 1 0 2(c^^/^ 

^tL-S^^^^t^r^^fl^. Co, F e *5J:U«N i 

SSttS 10 1 (Cffil/^^iX^>S5t^^4*t»fi, I r -M 
n. Pt-Mn, Ru-Rh-Mn?tt^\ Mn^-^t?-^ 
5(? ^d^— «fi^r*^€)o 
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[0 0 0 6 ] ^c5r% MRAMfj:^<Dmmixm\a^. 
[0 0 0 7] z.<D?^m^V5±'r^tLmz.. ^mm^\z.T 

^35^M^ibi^T^/^S (Appl. Phys. Let 
t, , 76, 3792 (2000)) , (Appl. P 
hys. Lett. , 76, 2424 (2000) )o 
y^t^X.. mib60^M7C5g^ffll^5t#'&, 3 0 0^J|^i± 
-CJ^Srlfttrftift^^CSTtie), MR AM/.C^(DliitXg* 
tCHm^ixS 3 0 0-4 5 0T:(7)^X^^SS <J:Mnte 

[0 0 0 8] j^3ii^ttg^:@*S^(?^#ffi{ciSa 

Tl^^ (Appl. Phys. Lett. , 76, 37 
9 2 (2 0 0 0) ) o L;5^L. S^^tiS<b@^S<t(7) 

e #}d^fem-r ^ t> ^ s o 

[0 0 0 9] 

^ ^ S « t r t> M n ^-a- ^ ^-i- ^^t^g b COM n ft 
[0010] 

CO m K^mm ^t-nr^/h^yr:^ m\ij§ ^mA. tzmm: ^ 

[0011] ^^m<7:>^m^ h ^-^^/i^^-e-^^coSii^;^ 

[0012] 

[0 0 13] m2^m\^^x^^m(D-mmmm\zi^.^^ 
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-5ct5«c, Mn^^^-r-5S5te£i4s 1 0 1 , mnm 

tt® (^1 <7:>^^ttii) 10 2a, Jfeii:gtfci:jr^/u 
:7r:^^ttSio5, :isxn±M^m^m (^2(Dnm 

ttS) 1 0 2 b^^-r6®£<k@«Sl 0 2, #fejg:*t5fs^^ 

•^tf h v^^yu^^ y rs 1 0 3 , *5 J:t;^5iie£l4*t*4^-^tp 

(^«-ii(^SJlJilfl=J^lil2o:^'8'^ieT->b^«/^. . 
[0 0 14] ^ti. hv^vuS^-g-^g 

[0015] m2 \z7r:-rmmm b ly'^-ji^m^^^t. m 
102 ^(D^^^^m 1 0 h >'^^ji-y< V r 

g 1 0 3 :d> b t^itnfcasfi: (T^^^ttS 1 0 2 a ^ _b 

10 2b t(Dm) \zmmm^f:inr=e/uyT 

[0 0 16] Mnffi»PJSihS^lfe,mW»T-Jf^J5)^:Lfc« 
nn\-^^Z.}i1y^X%^. ^<Df^^. Mitxm^'lc 3 0 0 

[0017] Mnws^^±m\z.my^^ht\.^mmLW^^t u 
ibn^o rr^, Mi^mi 

[0018] MnfetScgSlh®{CMn J: '9®^^b^tvlC< l^ 

[0019] —iD. Mn^t5cP;&ihg{CMn ^fcl-iMn J: 
« b t£» LfcM n J: o r 3l7C ^ n ^ C <t 1^ 
tl'^'T'/^TC^fet LTt^. Ti, Ta, V, AU Eu, 
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Fe, Co. Ni. Mn. Ti, Ta, V, AK 

10 0 2 0] Mnt!i:»B6ihB^r^7u:7r>^^14*t*4-c 

mm^\z:i^^^xm^^m^tm^ ^ ^ ^ mfj:\^^(DX\ m 
mm (omit (Dmm^-^ j^^^Mti-t- ^ctt^t^^^-^. r^jvy 

[0 0 2 1 ] Mn^^P;&ihji{^.^i^^jrL^r^/i/y^T;^ 

^tttt3^:f^ bri^. — j^5<:Mmioo-xYx ^ T% Mm 
< ^ t:> ifficDTC^. YI^B. Si. Zr. P. Mo, A 
(7)^^r**?i9. 3^x^16) X^^k\.^^(Oif^^^\. 
[0 0 2 2 1 i^b^^ci: 5{^MntemBfeii:® ^ LT^fg 

ttiii 0 h^^-y'W'^y rs 1 0 3 L?tti^ct 

5{C, T^^W&m (mitTD^i^ttS) 10 2a^±^ 

(m2(D^ett®) 1 0 2 b ^(Or^{CjfA^tt 
rt^-So rixJ^, i^ATt^J: 5 5^.^^^{^J:^o "T^l^ti^^, 

[0 0 2 3 ] ^[&mnm^^t^Mni}mm±m<7ym^ns 

OTtae), MnittScBfeJhSOJ^^t^ 2 nmJ£jlTr-*>-5^ <!: 
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?^£S*3^n:&^*>S<7>T-. Mn4fc»g&iha<^i^^fi0. 2 

nmJ[^±;6^^f^ L< , 0. 5 n m^i^d^i: »9 

[0 0 2 4] r^/i-:7r;^^8SttW*f^^tfMntt:mP;5ih 
acoj?^?^. mi<7>5ii^f4S«<30S[#^4^»f-rsc^:;fi^ 
r-^m^j:i.^or% 0. 2 nmjeiJi'^fcnf^H-^r-^ 

•9 . 0. 5 nmJS^±T^5r <J::a^^t?4 bi\ r^/i-:7r 

i(7 [0 0 2 5] *^|^{c#S?ii^SStt h >';t^/i-«-&«^^S4 

(m 1 <7)^^ttji) 10 2a, M n ffimBSihS 105, 
:j3j:rj^±a55fi^ttji (||2(7)5il^ttg) 10 2b^^^ 

[0 0 2 6 ] r^/uyr ^m^^m^^t^MnUm:^± 

[ 0 0 2 7 ] mmum^^t^Mn^m^Atm^mm^^ 

{at. ^!:t:>i±:^^<^yi^ V :y^^J:t'(7y:^m\zJ:^ . M-x 

x-r/^^') ^tznmit^m^i^mmi^x. ^<Dmm\zm 
mm<Dmmm^nmi^xhx^\ ^btc, @^S(7:>mi 

m^m^. mit^m^^tz\tmit^m^{zMmi.x. ^ 
[0 0 2 8] ^^mn. si^tts, 

[0 0 2 9] ccoi: 5 

ttm<r>m^tm^mf^i.xMn^wci^±m t uxm^^xh 
40 [0 0 3 0] ±.m<Dx 5 f£mmmi^<omit^mm\z^^-' 

^/u:7r^^tt® (Mnte^(5;6ji:/i) ^^A.:rc«i^(c: b 
:^3^^T, ^^^ttS^^tf 2o«7>?ii^ttS(7)pj::^^, 2o 

o^t^tt^ CO m \z^mm * 5t t >^ r m\±m 

[0 0 3 1 ] *^P^C0te<7>^Jfe?F^fi|{C#^;^fttc:iol^r 

J^, J^^IEtt^ 1 0 1 ^?f^;*L, TtR^IEttii (^ico 

50 ^m\^m) 1 0 2 a . %i<D^m\±m{z.^^^^^m^± 
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S10 5, :$s^xj^±^^m^m (^2(D^m^m) lo 
^m^m 10 1 {zm-r^m^m^m i o 2 a ^^mn 

e':/{HS^o{&T^B&ii:'e# So r (7D # 

jK-a^ u T I. ^ 1/ ^ ^ fc ^-i jfe^ ^ 

[0 0 3 2] ^ktc, gIS^#MLr*:^§g(?5||l(£?g«^ 

mmmm 1 

gi3 (A) ~ (C) S V-TMRIg 

[ 0 0 3 3 ] H 3 (A) {Z^-TJ^ 5 l^. ^^fl^StS m 

^Tt^il^-m.mm 2 0 1 . t af)^h^J:^^<^yyr—m2 
02. P t -MnJ&>b?t&SJ^5i^ttji 2 0 3 . 2 n m 

(DC oF e^-^^j:^r^^m^m {mi(D^mmm) 2 
{z. mo. 4nm(DT amm^f^mi^t^^. ^(Dmm^ 

K^:/7X-^#ffl^(C*^2 0«?ra$ b-rr ^{CJ: *3 Ta 

^2 0 5 ^Jf^/^Sl-rSo 
[0 0 3 4 ] 113 (B) {ZTT^-tX^lZ^ Mn^m^:^StS 
2 0 5_b(C*tj2 nmCOC o F b fi^ h ^J: ^ ±M^mi^m 

{mi(D^mmm) 2 0 4h^mm-r^o r.5bT, t 

^^^{4® 2 0 4 a. Mnfe^gSihii 2 0 5*5j:U^±t|5 

^^tts 2 0 4 b ^^r-rs^fb^^ii 2 0 4 ^mf^-r 

^iz^ A 1 203*^b?tt'5 h>^^yi-^"<y rs 2 0 
s/ibTtm. hv^^/i-^^y T® 2 0 em^^^y^^-^m 

{b-r-So h V;^/U/-<y rji2 0 eiltC, CoyFes 

A^ib^^-5«S{bS*S2 O 7. ^-ft:S^ji2 0 7^^m\± 
fb-r-S/tiixT^N i -F eS 2 0 8 . *5 J: U^W;^^ b -Si^ 

^ii2 0 o^miKmrn-r^o 

[0 0 3 5 ] mS (C) (C;^-*- cfc 5 (C, i^mji 2 0 9_b 

^ bTT^ifi^H^J: "9 Ji^<?:>^ii^-Y^>' ^ y 
^-i/ur h v^^/u^-a^^o/^^ — >'^?i0^-r6o ±15:7 
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s i 02i:'^t^mmmmjm2 i o^isscr 

mmLf:i^mxm2msr:^-ju:^n\,\ mtmmm2 
0 4<Dmit^mm^-&:^o ^h\z. mm^mm2 io\z 
=^>^^ h ^-yi-^ra □ i^tzm. ±mmmm 211^ 

[0 0 3 6 ] Z,<DSV-TMKm^\zm5 kO e(Dmm 

JO 3 0 0—4 0 ox:<D&mxmit^-^xhs ^4 5%<Dm 

[0 0 3 7] -:*r, Mn^m:^±mt LTT a ^m^t-^ 
V-TMR5g^^$!{itb7to nOS V-TMR^^(CM 

ji^WLm^s 5 0^^ L.tz.t^m^i&umtmnm2 0% 

tCf£Tb, r-— /l-jaa^4 O 0*TC^ Lfc^ #BS^}g:*t 
^^fk^l^i*^ 5 %{zi&T bfco 

[0 0 3 8] Mnte«Kih/i(CT a®?{k 

[0 0 3 9 ] mMmm 2 

D4 (A) - (D) l^;*:^0J(C#6flil(7)S V-TMR^ 

^^t'Sx ^Tyt-^ e^-z^/U^MTMR^^T-^ «9 . M 
R AMfCffll/NibixSo r.(7:>TMR^^Ji^^^2lsS^±(C 

mf&^i^ifzM9\B\m(r>—^x^^. ruR^^nmrnm 

[0 0 4 0] 114 (A) {ZTTi-rXo^Z^ 

wmm±{zmmmmm^mf&i^..':^y^^mf^i^t^^. 

V >'^\zX^ . A 1 /W;d> b ST^SB 
mMmmSOl. r af)^ht£:^^<^yyrS 3 0 2. I 
T ~Mnfi^hti:^'mi ^^^i^B3 0 3 . *^2niiiC0C 

ogFe^i^b^'i^Smi T^^^t^g 3 0 4 a ^m^nM 

^t? lT^5iiatt«3 0 4 a(3D^ffi(Cjf^^0. 5nm(7>||l*2: 
mteihjgS 0 5^ff^^-t-So 
[0 0 4 1 ] H 4 (B) (c^i-J: mi ^mP;&iiiS 

3 0 5i:{-, m2 nia<DC ojF e3^^h^J:^Ml Ai'S^^ 

^\±m 3 0 4 b ^SS-r So c 5 br , m 1 TtP^it^tt 

S3 04 a, mi^wcm±m3o 5:i6xxj^mi±n^m 

tt/i 3 0 4 b <lr^-t-Smi^{l:@«/i 3 0 4 ^mf^-t 

So ^^{^. A 1 203:6^'b?:^smi h v^t^/u/-^ y rs 3 0 

6. C09F eA^^/irS^^tS^iiS 0 7. Al203:«f^ 
b^'^SH 2 h yrg308.^2. SnmcDC 

5(? 07F e3f}^htS:^m2T^^-km&m3 0 9 a ^Jll^feSil 
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2 TiB5S^teS 3 0 9 a 0 . 5 n mCOH 2 14: 

[0 0 4 21 114 (c) {CT^-rx 5{c, m2^wcs^itm 

310±(C, $^1. 5 nm(7>C 09F e 2 Ji 

as^^SSttS 3 0 9 b^fflS-rSo :i5Lr, m2r§B5ii 

^m\±ss 0 9 b^^'rhM2mtmmm2 o 9^ji^js: 

-rSo I r -Mn^>ib/j^SS2jK5S?K14S 3 1 

1, T a;6^ib/^6t^»S3 1 2^jiB»caS-rSo 

[0 0 4 3 1 J^±(7)J: co|lMJi0M^c:fe^/^rfi, 
'€:ix-?:*ixmi:feJ:t;^m2C0MnffimKihji3 0 5, 3 1 

o^»t^±.T2m(o^miim<7yum^m^x\f^^. 

I*. ^>ft:@«S3 0 4, 3 o 9(7>«S£;tJ^/h^ <-r5/i 

[0 0 4 4 1 114 (D) (C^i-ct 5t-, 3 1 2± 

^ s i 02^-h-^^^mm^mim:Z i z^^m-r 
t<D^^ mz 2 5''C(dm^'Px^7 ko e<Dmm^ 
muirfzi^mx2mmr:^-/u^n^o ^(jox^tcj^o 

T, mi:fcJ:U^m2 0^5t^tta 3 0 3, 3 11^'OM 

n ^mmi^x^ti'etim i^x t/m 2 ct^m n ^m:^±m 

3 0 5. 3 1 o{z.mm\^. mitmmm<7:>^^mm<Dm 

itrnt^TZ^il. ^l:iSXXim2(DMn^'^^±m3 O 

mi*Sj:r/^2CO|^>fb@«ii3 0 4, 309 
c7:)ilS-ft:cOf^^:i^M9c ^ iblc, jgr^#fe,^^3 1 3(c^ V 
^ h JJ^ — /i-^M Q Ufc^. i^IBi^m^l 3 14 ^ff^iS: 
MR AM^'(7>S V-TMR^g-T-^JJiit-rSo 
[0 0 4 5 ] CO^. MR AM^^^^-^6fca=^(7)jif^ 

^fe#JK?^0J^tx@^^ai^m^iiff^iiS:x^^cjol^r. sv-t 

MRm^]t 3 0 0^-4 0 O^CCO^M^Xm^Sil-r 5o 
^^J^jfecoS V-TMR5g^r-|^, Cixbt^^fSi^ilX^d^il 
@<^/«^oT. MRAM^^^f^l 5 %^^(7>^^1g:^^ 

S V-TMRsg^-Cf^, MR AM^J5Je;#(C*£^4 0%CO^ 

coj: 5^.^^^?^. Mn^m[l6ihil{c^fkife^7t(^«>fl:^ 

[0 0 4 6 ] m5\cm4 (D) O S V-TMR9^-i^^Jr 

v-y =r>'S*g4 0 1 {ci^, y-hm®4 0 



(e) if#gi 2002-158381 

10 

2, Kl^'f>'^^4 0 3, 4 0 4^£:^tfMOS 

by^iy^y^i^'tmf&^ixxi^^^. bm,m4 0 2\tWt 

L^O !7— K^^ V (WLl) tLXm^^^t\>^o 
hm#4 0 2ii{C|^jffe/i:ii*5j:ZJ^«#^;2^ffl(7>!7- 
K^-0'(WL 2) 4 0 6;5^?^fi8:^ixri^-5o MO S h 
^>v>>?.i5^C0 KU^>'^^4 0 4 {C(^|feS^S{CS*!)5^^ 

ttf:i:/^i/4 0 5;6^^^^n. ^ (C:/^ ^ 4 0 5 ±{C 

\tTmmm.mm3 o it^mm^tix\.^^. coraiK 

i^m#S3 0 l±(7>^^i2i^.ffl<?D'7-K^>f (WL 
JO 2) 4 0 60±:*r(c^j^;-rs>Ke{c, 04 (D) (C^L. 
fc J: 5 J^^T^^r/i-:?^ t'>>'^;Uy^M(7)TMR9g^ 3 0 Ofi^ 
?^?jS:^i^rl^'5o ccotmr^^ 3 o oitc h 7^ 
(BL) tfj:^±mmm.m3 1 4tmm^tix\^^ 

-So r<7>J: 5 3^.^«i^<^MRAMI:i®nfc4#tt^;^-ro 

[ 0 0 4 7 J mmmm 3 

12 6 l^*^Jfe?F^M{C^ 6 S V - TM R ^^^^-rWrffiiil 
-C^j-So :i(7)S V-TMRsS^J^. 04 (D) <OSV- 

/i-^^^^-t ji-y^ kf>^</i^^m(DTMRm^x 
h^o dcos v-TMR*^r-i^, 0m^B^ 

^ i^x^^mi^^^ b/c 2 -:>(D^m^m^^t^mmm(D 

-:yy>^ t^m^t\^X\^^^. *:^ISWcOTMR^^Ofi|jl 

{c. Mn'^y^^<y^')ryifm\z.xm^nm\^x^m:\.t:i 

h<DXhho 

[0 0 4 8] ^OTMRgS^t't^, mmm^^^i^T(7:>^ 

mtmm^tix\^^^o 

Ni - Cr-P tf)^h^J:h^<yyT —IE 6 0 1 

p t-Mnfi^h^^^^i^^m^me 0 2 

40 m 2 nm(7)Co6F e 4 5&^ b S 6 0 3 a 

#!*)lnmCO (Co6Fe4) o, 95B o, 05^^^^^^^ ^/l^y 
ry^^^M 6 0 4 a 

^^2 nmOC oeF e 4^^^ b ?'<^ ^ 6 0 3 b 

#^1, 2 nm<DRu:b^^/j:^0m^m6 O 5 
ji!^2 nmOCoeF e ^^^^hfjt ^^m^^M 6 03c 
^InmO (Co6Fe4) 0. 95B 0. 05^*^ b S T ^/l^ 7 
ry^^JE 6 0 4 b 

^2 nmOCoeF e 4*^ -S^t^ttS 6 0 3 d 
A\20:^'^^hfJ:^%l h >'^vu/< y rg 6 0 6 
5(? 2nmc75Co3Fe3N i 4^^ h^J: ^Wt^ 6 0 7 
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A 1 203i?»^b^.e6m2 b>':^^/uy<vrme 0 8 

m2 nmOC oeF e 4^^h^J^ ^^^i^M 6 0 9 a 
^^fOlnm(D (Co6Fe4) o, 95B o. 05*' ^ '^•^ ^ ^ '^>'l^^ 
T^^^ttS 6 10a 

nmCDC oeF e 4*^ S 5t^t^S 6 0 9 b 
ii^l, 2 nmOR ud>b?t?S#^«£ttS6 1 1 
*^2nni(7:>Co6F e h fj: ^^^^M 6 0 9 c 
*^lninO (Co6Fe4) 0. 95B 0. 05J^>'^^«^ ^ ^^^'^^ 

r:^m\im 6 10b 

S%^2 nmOC 06F e^ib^hfJ:^^M\^Me 0 9 d 
P t -Mny6^b/.^'5l|2S5t^ttS6 1 2 
T a:6^b?t^5t*Sii6 1 3o 

[0 0 4 9] 5t^tta 6 0 3 a. T^/L.>^ r ^13SI4S 6 

0 4a, ^m^m 6 0 3 b, $m^m 6 o 5 , ^m^^m 

6 0 3 c, r^/i^^r ;^^tt/i6 0 4 b:fej:r;«^^t^g 
603d{cj:i9, :igi (Dfsmmmitmmm 6 0 3 fi^jF^i^jc 
^nrv^^c ^7t, 5ii^ttji6 0 9 a, r^/u:7r;^^ 

ttS 6 10a, 5it®^ttS 6 0 9 b. 0mi^m 611,^ 
^ttii6 0 9 c, r^/i-yr:^^^m6 1 0 b:}3XXI^ 

m^m 6 0 9 d J: 19 , m2 (ommMmitm^m e 0 9 

[0 0 5 0] coj:5{c, mi:i6xnm2(Dmmmmit 
mmmeos. 6 0 9^cj3iNT, #^S£ttji^^tp2o6o 

6 0 3, 6 0 9 {cj^ 2 ocor^/u:7r ^^^ttSd^^^n 

60 CO 5"^, ^5t^ttS6 0 2, 6 1 2{Ciai ^{l(7>r 
^/l-:7T;^^ttig 6 0 4 a , 6 1 0 b . M n ^^gSlh 

b , 6 1 0 a J^, ^^il M^-fl: 6 0 3, 6 0 9 

6 0 5, 6 1 1 ^fttP 2 0(?D5il«SttS^- y b 

[0 0 5 1 ] wOj: 5 ^^fllS«i^<^S V-TMR^^{C 
^b, ^3 2 O^CT**^ 1 0^ffl(7)fgi^^@^tf o/Zo 

[0 0 5 2 ] 

@ «S * 3f£f ^ r ^ :7 T :^ ^ \±ttm ^ ^ 

[Hfficoi^m^^^mp^] 

[0 1 ] h ^^^/i/^-a-^^cjos^^ig^.i^ 

.-rmmm. 
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[US] *^P^(D^ffi^^i{cj3<^;55t^tt hv'^^'i-® 
[04] *^PJt7:)|lifeff^^2{c:fe«t ^^^tt h v^vu® 

[Ei5] ^mm<D~mmmm\zm^^m^b>'^^/i^m-^ 
JO m^<omm] 
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